Two genotypes of male broilers were given 12 h of daily illumination; as a conventional photoperiod, with the final hour at reduced illuminance to simulate dusk, or with 1 h of the light given during the middle of the night. The lighting modifications had no significant effect on any performance variable or on tibial breaking strength. Feed intake was unaffected by the lighting treatments during either the 1-h dusk period or the night, but was inexplicably stimulated in the both experimental groups during the main photoperiod.
Introduction
Broilers have commonly been reared on 23-h photoperiods, but from June 2010 new EU welfare regulations (Minimum rules for the protection of chickens kept for meat production) will prohibit, within the EU and from 7 d of age, the use of daylengths longer than 18 h. In two recent studies, in which the photoperiodic response of two genotypes of broiler was assessed between 2 h and constant illumination, growth was optimised, mortality was minimised, and tibial breaking strength was maximised by providing a 12-h photoperiod (Lewis et al., 2009a; b) ; furthermore, the birds consumed more than 20% of their daily feed intake during the 12-h night. In contrast, performance in previous studies has consistently been inferior for broilers exposed to 12-h daylengths (Sqibb & Collier, 1979; Ingram et al., 2000; Brickett et al., 2007) and minimal feeding activity has occurred during the dark period (Savory, 1976; Sqibb & Collier, 1979) . Feed intake and body weight gain during the first 21 d in these recent trials was, as observed in the early studies, inferior to birds exposed to > 12-h photoperiods, though the differences had disappeared by 35 d (typical slaughter age for male broilers in South Africa). Savory (1976) reported that the provision of a 'dawn' and 'dusk' within a 12-h photoperiod resulted in an increased feed intake, and faster and more efficient growth, whilst Classen et al. (2004) noted that providing 12 h of darkness in more than one scotoperiod also stimulated feed intake and growth rate relative to birds given a single 12-h dark period, particularly in the first 14 d. The current study investigated the possibility that the performance of broilers given 12 h illumination per day could be enhanced, particularly during the early stages of growth, by providing a 1-h simulated 'dusk' or fragmenting the 12-h night to increase feed consumption. The nocturnal activity stimulated by the night-interruption lighting might also have improved tibial breaking strength.
Materials and Methods
Cobb '500' and Ross '308' male broilers, which had been vent sexed for accuracy, were placed at 1 d of age on the litter floor in each of nine lightproof rooms. Each room was divided by a mesh fence into two pens, and 220 Cobb or 220 Ross birds placed in each pen at a stocking density of 9.2/m². All birds were given constant illumination for the first day then three rooms were randomly allocated to each of three lighting regimens: 12L:12D (12L); 11L:1dim:12D (Dim), 11L:5D:1L:7D (NI), so 3 lighting treatments x 2 breeds x 3 rooms x 220 birds = 3960 birds in total. In each pen, light was provided by two 11W compact warm-white fluorescent lamps located 1.8 m above the floor, giving a mean illuminance of 24 ± 1.6 lux at a height of 20 cm. In the three rooms given the Dim treatment, light during the final hour of the photoperiod was supplied by a single 11W compact warm-white fluorescent lamp in each room, with foil wrapped around the lamp to reduce the light output to give a mean illuminance of 5 ± 0.8 lux (0.22 of normal illuminance). , and mortality and culls were removed daily and subjectively examined for signs of leg abnormality or Sudden Death Syndrome (SDS). Leg abnormalities included valgus and varus deformation of the intertarsal joint, swollen hocks (dyschondroplasia), rotated tibia, and, in live birds, inability to walk, whilst SDS was indicated by the bird being found in good condition on its front or back with legs outstretched. Feed weigh-backs were conducted in three rooms (one room per treatment) over a 24-h period at 25/26 d and from a different three rooms at 32/33 d of age to determine the feed consumed during the first 11 h of the photoperiod, during the 12 th hour of the photoperiod in the 12L and Dim rooms, and during the 12-h night. Both tibiae were removed from the carcasses immediately after the birds had been killed by cervical dislocation, and stored at -16 °C. After thawing, the tibiae were stripped of muscle and weighed. Breaking strength (kg) was determined using a three-point loading test, with the supports set 40 mm apart and a vertical hydraulic force applied at the midpoint of the bone shaft; the peak force required to break the bone was recorded on a tensometer (loadcell -Loadtech, South Africa; digital display -Red Lion Controls, USA).
All performance data (mortality, SDS, and leg abnormalities were shown by a Shapiro-Wilk Normality test not to be normally distributed and arcsine transformed prior to further analysis) were subjected to a splitplot ANOVA with lighting as the main plot, genotype as the subplot, and significant differences between means (P <0.05) identified using a Student's t-test, with Room*Light as the error term for lighting treatment and Room*Light*Genotype for genotype (Analytical Software, 2003) . Feeding behaviour data were analysed using a factorial design of ANOVA with monitoring age as the blocked variable and light and genotype as the treatment variables. Table 1 show that there were no significant differences between lighting treatments for feed intake, body weight gain or feed conversion efficiency at any age, nor in the European Efficiency Factor (EEF) to 35 d. With the exception of Cobb's superior feed conversion efficiency over Ross during the first 7 d, there were no significant differences between the genotypes at any stage for feed intake, body weight gain, feed conversion efficiency, or EEF. There were no significant differences between lighting treatments or ………… 
Results
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genotypes for mortality, the incidence of SDS and leg abnormalities, or tibial breaking strength (Table 2) . There were no significant effects of lighting treatment on the proportion of the daily feed intake consumed during the first 11 h of the main photoperiod nor on the proportion of feed eaten during the ensuing 13 h, irrespective of whether the 1 h of light simply extended the 11-h photoperiod to 12 h (bright or dim illuminance) or was given at bright illuminance in the middle of the night (Table 3) . However, the birds given a 1-h dusk or a 1-h night interruption photoperiod consumed significantly more feed in the first 11 h of the main photoperiod and in total for the 24 h than did the 12L:12D birds, though the quantities of feed eaten in the 13-h 'night' was not significantly different for the three groups (Table 3) . Whilst reducing the illuminance in the 12 th hour of the main photoperiod to simulate dusk had no significant effect on the amount of feed consumed during this final hour (Table 4) , there was a highly significant (P <0.001) faster rate of eating during the final hour (17.3 g/h) than during the preceding 11 h of illumination (9.7 g/h) by both the 12L:12D and 'Dim' birds. The illuminance during the final hour of the photoperiod had no effect on the amount of nocturnal feeding activity (Table 4) . Note there were no data for the 12th hour for the 'night-interruption' birds because they were in darkness at the time and so feed weigh-backs were not practical.
Discussion
Mean body weights at 35 d for Cobb (2 190 g) and Ross (2 198 g) birds were 35 and 25 g respectively above the primary breeder body weight targets, and this, despite 12 h being the only photoperiod, supports the findings of Lewis et al. (2009a) that 12 h light is adequate for achieving optimal growth in modern broilers. This is in contrast to the earlier findings that growth is suboptimal for broilers reared on 12 h (e.g. Brickett et al., 2007) . One of the reasons for this apparent change in the broiler's photoperiodic response is its acquired ability to eat during the dark period (Lewis et al., 2008; 2009a) . The lack of significant differences in performance between the three lighting treatments, especially during the initial 14 d, shows that providing a 1-h 'dusk' or 1-h night-interruption photoperiod affords no significant improvement in feed intake, growth, feed conversion efficiency or liveability to 35 d. Notwithstanding that the larger feed intakes (2.41/2.41 vs. 2.36 kg) and body weight gains (1.30/1.32 vs. 1.25 kg) during the 22 to 35 d period for the two novel lighting treatments relative to the control birds failed to reach statistical significance, the effects may have been real because during the two 24-h periods in which feeding patterns were monitored these two groups ate significantly more feed than the conventional 12-h group (Table 3) .
Although these findings contradict those of Savory (1976) that 'dusk' encourages a bird to consume more feed at the end of the day in anticipation of night-time starvation, the original work was conducted more than 30 years ago when, as Savory himself noted, broilers did not eat during the night of a 12L:12D regimen. The modern broiler exposed to 12-h photoperiods eats in excess of 20% of its daily feed intake in the dark, so does not expect a period of starvation (Table 4 and Lewis et al., 2009a) . Another reason may be that in the Savory study birds received both a 'dawn' and 'dusk', with the latter lasting for 2 h and involving a gradual decrease in illuminance; in the current study 'dusk' lasted only an hour and was provided at a steady illuminance. The disparity of our findings with those of Classen et al. (2004) might be attributed to the difference in the type of lighting regimen. In the current trial, birds given the night-interruption treatment could still form a day and night, despite having two periods of darkness, because one was 2 h longer than the other, but in the Classen study, the fragmented dark periods were of equal size (1L:1D or 6L:6D) and so the birds were unable to form a day and night and rhythmically free-ran. Under such short-cycle regimens broilers perform meal-feeding, and this has been reported to stimulate growth and improve feed conversion, especially in males (Buyse et al., 1996) . On the other hand, it may simply be that when a bird is performing to its potential, as seems likely for the 12-h birds in this study, there is little room for further improvement. With no significant effects of lighting regimen on feed intake, growth, liveability, the incidence of leg problems or night-time feeding (and presumably locomotor activity) it is perhaps not surprising that the novel lighting regimens had no effect on tibial breaking strength.
In contrast, the feeding patterns are surprising and difficult to explain. One might have expected the change in illuminance in the final hour of the photoperiod to have had some influence on feed intake, yet this did not occur (Table 4) . Equally unexpected was the similarity of feed intake during the 13 h of mixed light and darkness following the first 11 h of the main photoperiod, irrespective of the location or illuminance of the extra 1 h of light. More abstruse, is the higher feed consumption of the 'dusk' and night-interruption groups during the 11-h brightly illuminated photoperiod when all three groups were illuminated the same. The proportion of nocturnal feeding was similar to that reported by Lewis et al. (2009a) for 12-h birds, thus confirming the willingness of the modern broiler to eat during the night when given a photoperiod which otherwise would be too short to satisfy its appetite.
In conclusion, there appears to be nothing to be gained from providing a 1-h 'dusk' or nightinterruption photoperiod to broiler males exposed to 12-h photoperiods, at least when they are maintained according to the management protocols applied in this study.
